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EXECUTIVE SUMMARY

The National Ocean Service (NOS) Marine Modeling and Analysis Programs (MMAP) branch
of the Coast Survey Development Laboratory in cooperation with the NOS’ Center for
Operational Oceanographic Products and Services (CO-OPS) and Rutgers University has
developed two new estuarine operational oceanographic nowcast/forecast modeling systems
(OFSs) for Delaware Bay and Tampa Bay and upgraded the present forecast system for
Chesapeake Bay to use Rutgers University’s Regional Ocean Modeling System (ROMS) as the
core model. These ROMS-based OFSs will require near real-time observations of river
discharge, water temperature, and possibly salinity for their hourly nowcast cycles. However,
such observational river data may not be available for all required geographic locations and
available all the time. In addition, the observations may be erroneous due to sensor or
transmission problems at a particular river observing gauge. Therefore, a river climatology was
needed to provide a secondary or backup source of river information for the OFSs when
observations are not available or found to be erroneous and also to form the basis of a quality
control system to identify erroneous observations. The river climatologies are used by NOS High
Performance Computing Coastal Ocean Modeling Framework (HPC-COMF) which performs
data preparation, submits the ocean model for execution, and archives model output for an OFS’
nowcast and forecast cycles (Zhang et al. 2010).

Five types of river discharge and water temperature climatologies were created at U.S.
Geological Survey (USGS) river gauge locations needed by the three ROMS-based OFSs. These
included 1) daily mean river discharge climatology, 2) daily mean water temperature
climatology, 3) daily mean salinity climatology (for CBOFS only), 4) mean annual and extrema
river discharge climatology, and 5) mean annual and extrema water temperature climatology.
The climatologies were created using historical discharge, water temperature, and salinity data
from USGS gauges. The amount of historical data used in creating these river climatologies
ranged from 2 to 101 years, depending on the length of the data record at a gauge.

However, when the three ROMS-based OFSs became operational at CO-OPS in September
and October 2010, only the 1) daily mean river discharge and water climatologies and 2)
mean annual and extrema river discharge climatology are actually be used by the HPC-
COMF data preparation software. The mean annual and extrema water temperature
climatology is presently not used by these three OFSs, but may be utilized in future
versions.

The daily mean river discharge and water climatologies are used as a backup by HPC-COMF if
no real-time observations are available at any USGS station. These daily climatologies are
contained in a single netCDF file named nos.ofs.river.clim.usgs.nc. (The file also contains daily
mean salinity at CBOFS’ USGS gauges but this information is not presently used by CBOFS.)

The mean annual and extrema river discharge are used by HPC-COMF data preparation software
to QC the real-time river discharge observations. This climatology is contained in Section 1 of
the individual river control text files for each OFS, nos.cbofs.river.ctl, nos.dbofs.river.ctl, and
nos.tbofs.river.ctl.
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1. INTRODUCTION

The National Ocean Service’s (NOS) Marine Modeling and Analysis Programs (MMAP) branch
of the Coast Survey Development Laboratory (CSDL) in cooperation with the NOS’ Center for
Operational Oceanographic Products and Services (CO-OPS) and Rutgers University has
developed two new estuarine oceanographic nowcast/forecast modeling systems for Delaware
Bay and Tampa Bay which use the Rutgers University’s Regional Ocean Modeling System
(ROMS) (Haidvogel et al. 2008) as the core numerical ocean circulation model. In addition,
MMAP is replacing the present NOS forecast modeling system for Chesapeake Bay with one
that uses ROMS. These three OFSs became operational in Septermber and October 2010.

ROMS is a finite difference hydrodynamic model using a quasi-orthogonal curvilinear grid
system with a terrain-following sigma grid in the vertical. ROMS can accept the following
surface or boundary forcing inputs such as 1) tides, 2) river conditions, 3) surface atmospheric
conditions, 4) open ocean boundary conditions, and 5) sea surface temperature (Urizar and
Lanerolle 2010). In terms of river forcing, ROMS requires the following information: 1) a time
vector associated with the river data, 2) river volume discharge, 3) water temperature, 4) salinity,
5) river location on ROMS grid, 6) river direction, and 7) the vertical profile/shape of the river.
Information on where river discharge data are specified on the each of the three OFSs is
contained in the ROM river control text files. These control files are shown in Appendix A.

Since the purpose of the NOS prediction systems is to provide hourly nowcasts and short-term
forecast guidance of oceanographic parameters of water currents, salinity, water temperature, and
water levels, the new ROMS-based OFSs require near real-time observations of river discharge,
water temperature, and salinity for their nowcast cycles. The importance of near real-time river
information for NOS forecast modeling systems has been described by Thomson (2000) and
Westington and Kelley (2003).

However, near-real-time river observational data may not be available for all required
geographic locations and available all the time. In addition, the observations at a particular gauge
may sometimes be erroneous due to sensor or transmission problems. Therefore, the NOS OFSs
need to use alternative types of data when observations are not available or the data falls outside
of expected ranges in order to ensure the successful operation of the forecast systems.

This technical memorandum describes the river climatologies which were developed for the new
ROMS-based OFSs for Chesapeake, Delaware, and Tampa Bays by Jay Benedetti, former ERT
Intern in MMAP and updated by Yi Chen, present ERT intern. The memorandum includes
descriptions of the five river climatologies: 1) daily mean river discharge climatology, 2) daily
mean water temperature climatology, 3) daily mean salinity climatology (only for CBOFS), 4)
mean annual and extrema river discharge climatology, and 5) mean annual and extrema water
temperature climatology.






2. DAILY MEAN RIVER DISCHARGE, TEMPERATURE, AND SALINITY
CLIMATOLOGIES

2.1. Description

Daily mean river discharge and water temperature climatologies were developed for USGS river
gauge whose observations are used by the three new ROMS-based OFSs. In addition, daily mean
river salinity climatologies were created only for gauges used by CBOFS. The purpose of the
climatologies is to provide an estimate of discharge, water temperature and salinity (at only
CBOFS’ USGS gauges) when near-real-time observations are not available (e.g. malfunctioning
gauge, not reporting) in order to ensure the successful completion of an OFS.

The daily river discharge, water temperature and salinity climatologies include values for every
day of the year (Figure 1). The climatologies were obtained directly from the USGS National
Water Information System (NWIS) website (http://waterdata.usgs.gov/nwis/nwisman/). However,
the daily river discharge was converted to cubic meters per second using the conversion: / f£'/s
= .0283 m’/s. River discharge, temperature and salinity climatological data were often not
available for the leap year day, February 29" In order to compensate, an average was taken
using data from February 28" and March 1% to compute the value.

When river water temperature climatology was not available for a particular USGS gauge from
NWIS, the nearest gauge’s water temperature climatology was used as a replacement.

The salinity climatology was only created for the 9 USGS gauges in the CBOFS domain. Thus, a
missing value flag -999 was used to indicate that salinity climatology was not created at the
USGS gauges used by the DBOFS and TBOFS.

vom | pay | PO | MRS |
1 1 0.3 19.3 0.21
1 2 2.7 19 0.18
1 3 0.1 18.7 0.29
1 4 2.6 18.6 03
1 5 0.3 18.8 0.24
Continues until the end of the month
2 1 8.2 19.3 0.21
2 2 7.4 19.6 0.20
2 3 9.4 19.8 0.19
2 4 6.8 19.6 0.19
2 5 1.8 18.7 0.20

Figure 1. Sample content of daily mean river discharge, water temperature and salinity
climatology for a station.



The daily river discharge, water temperature and salinity climatologies for all gauges for the
three OFSs were incorporated by CO-OPS into a single netCDF file named
nos.ofs.river.clim.usgs.nc. As of October 2010, the file contains climatologies for 57 USGS river
gauge stations.

Whether the daily mean discharge climatology for a particular gauge is used by a OFS depends
on the “Q Flag” found in section 1 of the OFS river control file. The value 1 indicates that real-
time river discharge observations will be used whereas a 0 indicates that mean daily discharge
climatology be used instead. A similar flag, “TS Flag” is employed to instruct the OFS whether
to use daily mean water temperature climatology (value=0) or real-time observations (value=1).



2.2. TBOFS

Daily mean river discharge and water temperature climatologies were created for 17 river gauge
locations necessary for TBOFS (Figure 2). The river gauges selected for TBOFS were
determined by Wei (2009) of NOS/Coast Survey Development Laboratory (CSDL). Geographic
information on the 17 gauges along with information on the length of the observation record
used to create the climatology at the gauge is given in Table 1.
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Figure 2. Map depicting the ROMS grid used for TBOFS along with locations of the 17
USGS river stations where discharge and/or water temperature climatologies
were created/referred for TBOFS. Nine stations (squares) were used for hindcast
runs. Eight stations (triangles) are used in the four times/day operational
nowcast/forecast cycles.



Table 1. Information on 17 USGS River Gauges at which mean daily river discharge
and/or water temperature climatologies were created for TBOFS.

. . Elevation
USGS |NWS SHEF Gauge Station Name State/| Latltude2 Longltudze (above MSL) 3 Start Year |End Year No. of
Station ID D! Prv. |(degrees) |(degrees) [ Feet | Meter Years
02299950 | MKHFI Manatee River near Myakka FL | 27.4733 | 82.2114 | 40.93 | 12.48 1966 2009 43
02300021 *[ 99999 Manatee River at Fort Hamer FL | 27.5181 | 82.4283 0.00 0.00 2006 2009 3
02300033 *| 99999 Braden River at Lakewood Ranch FL | 27.4206 | 82.4261 | -3.79 -1.16 2005 2009 4
02300210 99999 South Fork Little Manatee River FL | 27.6017 | 82.2114 | 53.84 | 16.41 2000 2009 9
02300500 *[ 99999 [ Little Manatee River near Wimauma | FL | 27.6708 | 82.3528 0.00 0.00 1939 2009 70
02301719 *| 99999 Alafia River near Gibsonton FL | 27.8567 | 82.3578 0.00 0.00 1999 2009 10
02303330 | MORF1 | Hillsborough River at Morris Bridge | FL | 28.0986 | 82.3114 0.00 0.00 1972 2009 37
02304500 | 99999 | Hillsborough River near Tampa FL | 28.0236 | 824278 | 0.00 | 0.00 1938 2009 71
02304510 *[ 99999  Hillsborough River at Rowlett Park Dr.| FL | 28.0208 | 82.4347 | 0.00 0.00 2003 2009 6
02306000 * 99999 Sulpher Springs at Sulpher Springs | FL | 28.0208 | 82.4519 0.00 0.00 1959 2009 50
02306647 * 99999 Sweetwater Creek near Tampa FL | 28.0136 | 82.5453 0.00 0.00 1985 2009 24
02306774 99999 Rocky Creek near Citrus Park FL | 28.0658 | 82.5658 0.00 0.00 1985 2009 24
02307359 99999 Brooker Creek near Tarpon Springs | FL | 28.0958 | 82.6875 0.00 0.00 1950 2009 59
02307498 99999 Lake Tarpon Canal near Oldsmar FL | 28.0533 | 82.7111 [-10.00 [ -3.05 1974 2009 35
02300700 99999 Bullfrog Creek near Wimauma FL | 27.7917 | 82.3522 0.00 0.00 1956 2009 53
02301802 09999 Tampa Bypass Canal at S-160 FL | 27.9558 | 82.3708 0.00 0.00 1974 1990 16
02301750 *| 99999 Delaney Creek near Tampa FL | 27.9256 | 82.3644 | 1072 | 3.27 1984 2009 25
Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF ID for that USGS gauge
2 Referenced to horizontal control datum NAD27
3 Referenced to vertical geodetic datum NGVD29

* Denotes stations used in the operational nowcast/forecast cycles

Each USGS river gauge has its own discharge/water temperature climatology text file with the
naming convention USGS StationID Dailymean_Dsch-Temp.dat where StationID is the USGS
Station ID.

The daily mean river discharge and water temperature climatologies for each USGS station along
with the daily climatologies for stations used by other two OFSs are included in a single netCDF
file called nos.ofs.river.climo.usgs.nc. This is the file used for the operational nowcast/forecast
cycles of the three OFSs.




2.3. DBOFS

Daily mean river discharge and water temperature climatologies were created for 11 river gauge
locations necessary for DBOFS (Figure 3). The river gauges selected for DBOFS were provided
Schmalz (2009) of NOS/CSDL. The daily water temperature climatology for the USGS
Delaware River at Trenton, NJ Gauge (USGS Station ID 01463500) was calculated by averaging
two NWIS daily water temperature climatologies, one valid for the Pennsylvania side of the river
and other on the Delaware side. Geographic information on the 11 gauges along with
information on the length of the observation record used to create the climatology is given in
Table 2.
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Figure 3. Map depicting the ROMS grid used for DBOFS along with locations of the 11
USGS river stations where discharge and/or water temperature climatologies
were created/referred for DBOFS. The 11 climatologies were used for hindcast
runs and are used in the four times/day operational nowcast/forecast cycles.



Table 2. Information on the 11 USGS River Gauges at which mean daily river discharge
and/or water temperature climatologies were created for DBOFS.

UGS |NWS SHEF Gauge Station Name 1S>tate/ Latitude | Longitude (Ef)’:;“l‘\‘q"s‘ms Start Year| End Year| NO- of
Station ID ID IV. | (degrees) | (degrees) Feet Meters Years
01412800 99999 Cohansey River at Seeley NJ 39.4725 | 75.2556 | 26.90 8.20 1977 2009 32
01477120 99999 Raccoon Creek near Swedesboro NJ 39.7406 | 75.2592 0.00 0.00 1966 2009 43
01482500 99999 Salem River at Woodstown NJ 39.6439 | 75.3303 | 29.49 8.99 1940 2009 69
01478650 [ NEKDI White Clay Creek at Newark DE [ 39.6892 | 75.7489 | 56.45 17.21 1994 2009 15

01484525 99999 |Millsboro Pond Outlet at Millsboro | DE [ 38.5944 | 75.2911 1.98 0.60 1986 2009 23
01474500 99999 Schuylkill River at Philadelphia PA 39.9678 | 75.1889 5.74 1.75 1931 2009 78

01477000 CHSP1 Chester Creek Near Chester PA | 39.8689 | 75.4086 | 23.41 7.14 1931 2009 78
01411500 99999 Maurice River at Norma NJ | 39.4956 | 75.0769 | 49.94 15.22 1932 2009 71
01463500 TREN4 Delaware River at Trenton NJ 402217 | 74.7781 0.00 0.00 1912 2009 97

01465500 | INGP1 | Neshaminy Creek near Langhorne | pA | 40.1739 | 74.9572 | 40.57 | 12.37 1934 2009 75
01467087 99999 Frankford Creek at Castor Ave. PA | 40.0158 | 75.0972 | 16.56 5.05 1982 2009 27

Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF ID for that USGS gauge
2 Referenced to horizontal control datum NAD27

? Referenced to vertical geodetic datum NGVD29

Each USGS river gauge has its own climatology file with the naming convention
USGS StationID Dailymean Dsch-Temp.dat where StationID is the USGS station ID.

The daily mean river discharge and water temperature climatologies for each USGS station along
with the daily climatologies for stations used by other two OFSs are included in a single netCDF
file called nos.ofs.river.climo.usgs.nc. This is the file used for the operational nowcast/forecast
cycles of the three OFSs.



2.4. CBOFS

CBOFS daily mean river discharge and water temperature climatologies were created for 26
USGS river gauge locations necessary for CBOFS (Figure 4). For CBOFS, a daily mean salinity
climatology was also created at a few gauges to provide an estimate of salinity at USGS gauges
when near-real-time conductivity observations are not available. The river gauges selected for
CBOFS were provided by Lanerolle (2009) of NOS/CSDL. Geographic information on the 26
gauges along with information on the length of the observation record used to create the
climatology is given in Table 3.
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Figure 4. Map depicting the ROMS grid used for CBOFS along with locations of the 26
USGS river stations where discharge and water temperature climatologies were
created for CBOFS. Salinity climatologies were created at few of these stations.
The 26 stations were used for hindcast runs and are used in the four times/day
operational nowcast/forecast cycles.



Table 3. Information on 26 USGS River Gauges at which mean daily river discharge
and/or water temperature climatologies were created for CBOFS.

: . Elevation
U_SGS NWS SH,EF Gauge Station Name State/ Latltude2 Longltude; (above MSL) * |Start Year|End Year No. of
Station ID ID Prv. |(degreesy | (degrees) Years
Feet |Meters
01481500 | WMNDI1 Brandywine Creek at Wilmington DE |39.7694 | 75.5733 68.23 | 20.80 1946 2009 63
01487000 99999 Nanticoke River near Bridgeville DE |38.7283 | 75.5619 | 13.64 4.16 1943 2009 66
01490120 99999 | Little Blackwater River near Cambridge | MD [38.5017 | 76.0942 -1.25 1 -0.38 2006 2008 2
01491000 99999 Chontank River near Greensboro MD |38.9972 | 75.7858 3.51 1.07 1948 2009 61
01491500 99999 Choptank River near Ruthsburg MD |38.9669 | 75.9431 10.00 3.05 1951 2009 58
01495000 99999 Big Elk Creek at Elk Mills MD [39.6569 | 75.8225 | 68.69 | 20.94 1932 2009 77
01570500 | HARPI1 Susquehanna River at Harrisburg PA [40.2547 | 76.8864 | 290.01 | 88.40 1890 2009 119
01578310 | CNWM2 Susquehanna River at Conowingo MD |39.6578 | 76.1744 5.00 1.52 1967 2009 42
01580520 99999 Deer Creek near Darlington MD |39.6175 [ 76.1919 50.00 | 15.24 2000 2009 9
01581757 99999 Otter Point Creek near Edgewood MD |39.4392 | 76.3061 5.00 1.52 2000 2009 9
01589352 99999 Gwynns Falls at Washington Blvd. MD [39.2714 | 76.6486 10.00 3.05 1998 2009 11
01594440 99999 Patuxent River near Bowie MD |38.9558 | 76.6936 13.10 3.99 1977 2009 32
01594526 99999 Western Branch at Upper Marlboro MD |38.8142 [ 76.7486 26.90 8.20 1985 2009 24
01646500 BRKM?2 Potomac River near Washinoton DC [38.9497 | 77.1278 37.95 | 11.57 1930 2009 79
01649190 99999 Paint Branch near College Park MD [39.0331 [ 76.9642 | 150.00 | 45.72 2007 2009 2
01649500 99999 [NE Branch Anacostia River at Riverdale | MD |38.9603 | 76.9261 12.68 3.86 1938 2009 71
01658000 99999 Mattawoman Creek near Pomonkey [ MD [38.5961 [ 77.0561 [ 40.00 | 12.19 1949 2009 60
01668000 [ FDBV2 [Rappahannock River near Fredericksburg [ VA [38.3083 | 77.5294 70.00 | 21.34 1907 2009 102
01673000 99999 Pamunkey River near Hanover VA 377675 | 77.3325 14.72 4.49 1941 2009 68
01673638 99999 | Cohoke Mill Creek near Lester Manor | VA | 37.6267 | 76.9628 40.00 | 12.19 1998 2009 11
01674500 99999 Mattaponi River near Beulahville VA [37.8839 [ 77.1653 | 12.43 | 3.79 1941 2009 68
02035000 | CARV2 James River at Cartersville VA [37.6708 | 78.0861 | 163.90 | 49.96 1898 2009 111
02037500 | RMDV2 James River near Richmond VA [37.5631 | 77.5472 98.82 | 30.12 1934 2009 75
02041650 | MTCV2 Appomattox River at Matoaca VA [37.2250 | 77.4756 | 68.30 | 20.82 1969 2009 40
02049500 | FKNV?2 Blackwater River near Franklin VA [36.7625 | 76.8986 1.56 0.48 1944 2009 65
02051500 | LAWYV2 | Meherrin River near Lawrenceville VA |36.7167 | 77.8319 | 136.56 | 41.62 1929 2009 80
Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF ID for that USGS gauge
?Referenced to horizontal control datum NAD27
? Referenced to vertical geodetic datum NGVD29

The daily mean climatology for each USGS river gauge is contained in a text file with the
naming convention USGS StationID Dailymean_Dsch-Temp.dat where StationID is the USGS
station ID.

The daily mean river discharge, water temperature, and salinity climatologies for each USGS
station along with the daily climatologies for stations used by other two OFSs are included in a
single netCDF file called nos.ofs.river.climo.usgs.nc. This is the file used for the operational
nowcast/forecast cycles of the three OFSs.
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3. MEAN ANNUAL AND EXTREMA DISCHARGE CLIMATOLOGY

3.1. Description

A mean annual and extrema river discharge climatology was developed to provide threshold
values for the quality control of near real-time river observations at USGS river gauge stations.
For every river gauge, the climatology has three values: minimum, mean, and maximum
discharge. If real-time discharge observations from a USGS river gauge are less than the
minimum, or greater than the maximum values of that specific gauge, then the OFS will use the
mean river discharge climatology.

The river discharge mean annual and extrema climatologies were created using historical data
from USGS using one of two methods: observed and estimated. The observed method used the
mean discharge climatology available from a report published annually by USGS. The mean,
maximum and minimum values were converted from cubic feet per second to cubic meters per
second using the conversion:  f£*/s = 0.0283 m’/s.

The estimated method was used when USGS didn’t provide a report for that river, or the real-
time data was collected for less than ten years or discontinuously. The estimated method
involved creating the mean discharge by averaging the daily mean discharge values for the entire
lifespan of the given gauge. The minimum and maximum values for the climatology were
obtained by selecting the highest and lowest values from the daily minimum and maximum
discharge values covering the entire lifespan of each gauge. All units were converted into cubic
meters per second using the conversion stated earlier.

The mean annual and extrema discharge climatology for all the gauges used a particular OFS are

contained in Section 1 of the OFS’s river control text file. The names of the river control files are
nos.cbofs.river.ctl, nos.dbofs.river.ctl, and nos.tbofs.river.ctl and are given in Appendix A.
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3.2. TBOFS

Mean annual and extrema river discharge climatology was created for 17 USGS river gauge
locations necessary for TBOFS. The river gauges selected for TBOFS were provided by Wei
(2009) of NOS/CSDL. Information about the 17 stations along with information on the length of
the observation record used to create the climatology is given in Table 4.

Table 4. Information on the 17 USGS river discharge gauges at which mean annual and
extrema river discharge climatologies were created for TBOFS.

. . Elevation
USGS |[NWS SHEKH Gauge Station Name State/| Lz\tltude2 Longltud% (above MSL) Start Year [End Year No. of
Station ID D' Prv. |(degrees)” | (degrees) Feet | Meters Years
02299950 | MKHF1 | Manatee River near Myakka Head FL |27.4733 | 82.2114 | 40.93 12.48 1966 2009 43
02300021 *| 99999 Manatee River at Fort Hamer FL | 27.5181 | 82.4283 0.00 0.00 2006 2009 3
02300033 *| 99999 Braden River at Lakewood Ranch FL [27.4206 | 82.4261 -3.79 -1.16 2005 2009 4
02300210 09999 South Fork Little Manatee River FL [27.6017 | 82.2114 | 53.84 16.41 2000 2009 9
02300500 *| 99999 | Little Manatee River near Wimauma | FL [27.6708 | 82.3528 [ 0.00 0.00 1939 2009 70
02301719 *| 99999 Alafia River near Gibsonton FL | 27.8567 | 82.3578 0.00 0.00 1999 2009 10
02303330 | MORF1 | Hillsborough River at Morris Bridge | FL | 28.0986 | 82.3114 0.00 0.00 1972 2009 37
02304500 99999 Hillsborough River near Tampa FL | 28.0236 | 82.4278 0.00 0.00 1938 2009 71
02304510 *| 99999 [Hillsborough River at Rowlett Park Dr.| FL | 28.0208 | 82.4347 0.00 0.00 2003 2009 6
02306000 *| 99999 Sulpher Springs at Sulpher Springs FL [28.0208 | 82.4519 0.00 0.00 1959 2009 50
02306647 *| 99999 Sweetwater Creek near Tampa FL [28.0136 [ 82.5453 0.00 0.00 1985 2009 24
02306774 99999 Rocky Creek near Citrus Park FL |28.0658 | 82.5658 0.00 0.00 1985 2009 24
02307359 99999 Brooker Creek near Tarpon Springs | FL |28.0958 | 82.6875 0.00 0.00 1950 2009 59
02307498 99999 Lake Tarpon Canal near Oldsmar FL |28.0533 | 82.7111 | -10.00 -3.05 1974 2009 35
02300700 99999 Bullfrog Creek near Wimauma FL | 27.7917 | 82.3522 0.00 0.00 1956 2009 53
02301802 99999 Tampa Bypass Canal at S-160 FL [27.9558 [ 82.3708 0.00 0.00 1974 1990 16
02301750 * 99999 Delaney Creek near Tampa FL |27.9256 | 82.3644 | 10.72 3.27 1984 2009 25
Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge
?Referenced to horizontal control datum NAD27
? Referenced to vertical geodetic datum NGVD29

* Denotes stations used in the operational nowcast/forecast cycles

The discharge climatology (m’/s) for each USGS river gauge in TBOFS are incorporated in a
single file named TBOFS USGS DSCH.dat (Table 5). The mean annual and extrema
climatological data are included in Section 1 of the TBOFS river control file called
nos.tbofs.river.ctl (Figure 5). The control file contains discharge climatology for only eight
gauges that are used in the four times/day operational nowcast/forecast cycles.
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Table 5. The mean annual and extrema river discharge climatologies for the 17 USGS

gauges used by TBOFS.
USGS Station |NWS SHEF Discharge (m/s) ,
Est./Obs. Station Name
ID ID ! Minimum | Maximum Mean
02299950 MKHF1 0.00 331.11 2.11 O Manatee River near Myakka Head, FL
02300021 * 99999 -11.55 69.62 1.43 E Manatee River at Fort Hamer, FL
02300033 * 99999 0.01 44.43 0.58 E Braden River at Lakewood Ranch, FL
02300210 99999 0.00 67.35 0.76 E South Fork Little Manatee River, FL
02300500 * 99999 0.03 396.20 4.81 (6] Little Manatee River near Wimanma, FL
02300700 99999 0.00 147.16 1.22 O Bullfrog Creek near Wimauma, FL
02301719 * 99999 -35.09 129.61 11.74 E Alafia River near Gibsonton, FL.
02301750 * 99999 0.00 20.40 0.26 O Delaney Creek near Tampa, FL
02301802 99999 0.00 305.64 3.90 (6] Tampa Bypass Cana at S-160, FL.
02303330 MORF1 0.59 167.25 7.13 (@) Hillsborough at Morris Bridge, FL
02304500 99999 0.00 74.71 5.77 (0] Hillsborough near Tampa, FL
02304510 * 99999 -1.16 67.07 6.80 E Hillsborough River at Rowlett Park Dr., FL
02306000 * 99999 0.00 4.10 1.01 0 Sulpher Springs at Sulpher Springs, FL
02306647 * 99999 0.00 26.32 0.58 (0] Sweetwater Creek near Tampa, FL
02306774 99999 0.00 10.36 0.37 [0) Rocky Creek near Citrus Park, FL
02307359 99999 0.00 45.28 0.51 (0] Brooker Creek near Tarpon Springs, FL
02307498 99999 0.00 64.81 1.46 (0] Lake Tarpon Canal near Oldsmar, FL

Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge
* Denotes stations used by the operational nowcast/forecast cycles

Section 1@ Information about USGS rivers where real-time discharges and temperature are availshle
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Figure 5. Section 1 of the TBOFS river control file which incorporates mean and extreme
minimum and maximum discharge and temperature values at eight USGS river
gauges. Mean values listed as -999.0 indicate mean temperature data is

unavailable at the station.
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3.3. DBOFS

Mean annual and extrema river discharge climatological data for DBOFS were created for 11
river gauge locations necessary for DBOFS. The river gauges selected for DBOFS were provided
by Schmalz (2009) of NOS/CSDL. Information about the 11 stations along with information on
the length of the observation record used to create the climatology is given in Table 6.

Table 6. Information on the 11 USGS river discharge gauges at which mean annual and
extrema river discharge climatologies were created for DBOFS.

. . Elevation
USGS |NWS SHEF| . State/ | Latitude |Longitude 3 No. of
Station ID D' Gauge Station Name Prv. | (degrees)’ (degrees) 2 (above MSL) ° |Start Year| End Year

Feet Meters

01412800 99999 Cohansey River at Seeley NJ | 39.4725 | 75.2556 | 26.90 8.20 1977 2009 32
01477120 99999 | Raccoon Creek near Swedesboro NJ 39.7406 | 75.2592 0.00 0.00 1966 2009 43
01482500 99999 Salem River at Woodstown NJ | 39.6439 | 753303 | 29.49 8.99 1940 2009 69
01478650 | NEKDI White Clay Creek at Newark DE | 39.6892 | 757489 | 56.45 17.21 1994 2009 15

01484525 99999 |Millsboro Pond Outlet at Millsboro | DE | 38,5944 | 75.2911 1.98 0.60 1986 2009 23
01474500 99999 Schuvlkill River at Philadelphia PA | 39.9678 | 75.1889 5.74 1.75 1931 2009 78

01477000 | CHSP1 Chester Creek Near Chester PA | 398689 | 754086 | 23.41 7.14 1931 2009 78

01411500 99999 Maurice River at Norma NJ | 394956 | 750769 | 4994 | 1522 1932 2009 77

01463500 TREN4 Delaware River at Trenton NJ 40.2217 | 74.7781 0.00 0.00 1912 2009 97

01465500 INGP1 | Neshaminy Creek near Langhorne [ PA | 40.1739 | 74,9572 | 40.57 1237 1934 2009 75

01467087 99999 Frankford Creek at Castor Ave. PA | 4001581 750972 | 16.56 5.05 1982 2009 27
Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge.
?Referenced to horizontal control datum NAD27
? Referenced to vertical geodetic datum NGVD29

The discharge climatology (m?/s) for each USGS river gauge used by DBOFS is incorporated in
a single file with the naming convention DBOFS USGS DSCH.dat (Table 7). The mean annual
and extrema climatological data for all 11 gauges are included in Section 1 of the DBOFS river
control file called nos.dbofs.river.ctl (Figure 6).
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Table 7. The mean annual and extrema river discharge climatologies for the 11 USGS

gauges used by DBOFS.
Discharge (m?/s)
USGS Station | NWS SHEF i
D D ! Minimum | Maximum Mean Est./Obs. Station Name
01412800 99999 0.13 283.00 1.01 [6) Cohansey River at Seeley, NJ
01477120 99999 0.08 99.90 1.12 (6] Raccoon Creek near Swedesboro, NJ
01482500 99999 0.00 622.60 0.55 (@) Salem River at Woodstown, NJ
01478650 NEKD1 0.07 475.44 2.69 O White Clay Creek at Newark, DE
01484525 99999 0.00 50.09 2.62 (¢) Millsboro Pond Outlet at Millsboro, DE
01474500 99999 0.00 2914.90 79.24 0O Schuylkill Rive at Philadelphia, PA
01477000 CHSP1 0.01 594.30 2.61 O Chester Creek Near Chester, PA
01411500 99999 0.25 208.29 4.61 [6) Maurice River at Norma, NJ
01463500 TREN4 33.39 9310.70 336.77 (0] Delaware River at Trenton, NJ
01465500 LNGP1 0.05 1395.19 8.66 0 Neshaminy Creek near Langhorne, PA
01467087 99999 0.01 393.37 1.17 O Frankford Creek at Castor Ave., PA

Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge.
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Figure 6. Section 1 of the DBOFS river control file which incorporates mean and extreme

minimum and maximum discharge and temperature values at the 11 USGS river

gauges.
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3.4. CBOFS

Mean annual and extrema river discharge climatological data for CBOFS were created for 18
river gauge locations necessary for CBOFS. The river gauges used for CBOFS were provided by
Lanerolle (2009) of NOS/CSDL. Information about the 24 stations along with information on the
length of the observation record used to create the climatology is given in Table 8.

Table 8. Information on the 24 USGS river discharge gauges at which mean annual and
extrema river discharge climatologies were created for CBOFS.

USGS  [NWS SHEF Gauge Station Name State/|Latitude |Longitudel VAR koo e d vear| V- Of

Station ID D! Prv. (degreesf (degrees) Feet | Moters Years
01481500 ] WMND Brandywine Creek at Wilmington DE [39.7694 | 75.5733 68.23 | 20.80 1946 2009 63
01487000 99999 Nanticoke River near Bridgeville DE |38.7283 |75.5619 13.64 4.16 1943 2009 66
01491000 99999 Choptank River near Greensboro MD [38.9972 | 75.7858 351 1.07 1948 2009 61
01491500 99999 Choptank River near Ruthsburg MD [38.9669 | 75.9431 10.00 3.05 1951 2009 58
01495000 99999 Big Elk Creek at Elk Mills MD 139.6569 | 75.8225 68.69 | 20.94 1932 2009 7

01570500 +] HARPI1 Susquehanna River at Harrisburg PA 140.2547 [76.8864 | 290.01 | 88.40 1890 2009 119
01578310 CNWM?2 Susquehanna River at Conowingo MD |39.6578 |76.1744 5.00 1.52 1967 2009 42

01580520 99999 Deer Creek near Darlington MD [39.6175 [76.1919 50.00 15.24 2000 2009 9
01581757 99999 Otter Point Creek near Edgewood MD |39.4392 [76.3061 5.00 1.52 2000 2009 9
01589352 99999 Gwynns Falls at Washington Blvd MD (392714 | 76.6486 10.00 3.05 1998 2009 11
01594440 99999 Patuxent River near Bowie MD [38.9558 | 76.6936 13.10 3.99 1977 2009 32

01594526 99999 Western Branch at Upper Marlboro MD [38.8142 | 76.7486 26.90 8.20 1985 2009 24
01646500 BRKM?2 Potomac River near Washington DC |38.9497 [ 77.1278 37.95 11.57 1930 2009 79
01649500 +[ 99999 |NE Branch Anacostia River at Riverdale | MD [38.9603 | 76.9261 12.68 3.86 1938 2009 71
01658000 99999 Mattawoman Creek near Pomonkey MD [38.5961 | 77.0561 40.00 | 12.19 1949 2009 60
01668000 FDBV2 Rappahannock River near Fredericksburg | VA |38.3083 | 77 5294 70.00 21.34 1907 2009 102

01673000 99999 Pamunkev River near Hanover VA |37.7675 | 77.3325 1472 4.49 1941 2009 68
01673638 | 99999 | Cohoke Mill Creek near Lester Manor | VA |37.6267 | 76.9628 40.00 12.19 1998 2009 11
01674500 99999 Mattaponi River near Beulahville VA [37.8839 [ 77.1653 12.43 3.79 1941 2009 68
02035000 | CARV2 James River at Cartersville VA |37.6708 | 78.0861 | 163.90 | 49.96 1898 2009 | 110
02037500 RMDV?2 James River near Richmond VA [37.5631 | 77.5472 98.82 | 30.12 1934 2009 75
02041650 MTCV2 Appomattox River at Matoaca VA [37.2250 | 77.4756 68.30 | 20.82 1969 2009 40
02049500 | FKNV2 Blackwater River near Franklin VA [36.7625 | 76.8986 156 0.48 1944 2009 65

02051500 ] TLAWV2 Meherrin River near Lawrenceville VA 367167 | 77.8319 | 136.56 | 41.62 1929 2009 80

Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge.

?Referenced to horizontal control datum NAD27

? Referenced to vertical geodetic datum NGVD29

1 Denotes the water temperature climatological data at this USGS gauge are not be used in the operational nowcast/forecast cycles

The mean/extrema discharge climatology (m’/s) for each USGS river gauge in CBOFS is
incorporated in a single file with the naming convention CBOFS USGS DSCH.dat (Table 9).
The climatology is included in Section 1 of the CBOFS river control file called
nos.cbofs.river.ctl (Figure 7). The control file contains discharge climatology for 24 gauges.
However, only 18 are used in the four times/day operational nowcast/forecast cycles since some
rivers were merged in CBOFS.
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Table 9. The mean annual and extrema river discharge climatologies for the 24 USGS

gauges used by CBOFS.
Discharge (m?/s)
USGS Station |NWS SHEF Est./Obs. Station Name
ID ID ! Minimum | Maximum Mean
01481500 1| WMNDI 0.91 812.21 14.21 (0] Brandywine Creek at Wilmington, DE
01487000 99999 0.18 85.47 2.64 O Nanticoke River near Bridgeville, DE
01491000 99999 0.01 197.25 3.85 O Choptank River near Greensboro, MD
01491500 99999 0.04 95.94 2.74 O Choptank River near Ruthsburg, MD
01495000 99999 0.06 299.98 1.98 O Big Elk Creek at Elk Mills, MD
01570500 1| HARP 45.28 28866.00 977.48 O Susquehanna River at Harrisburg, PA
01578310 CNWM2 4.08 31979.00 1161.15 0 Susquehanna River at Conowingo, MD
01580520 99999 1.25 328.28 7.05 E Deer Creek near Darlington, MD
01581757 99999 0.20 254.13 2.59 E Otter Point Creek near Edgewood, MD
01589352 99999 0.18 676.37 2.55 E Gwynns Falls at Washington Blvd., MD
01594440 99999 0.91 880.13 10.81 O Patuxent River near Bowie, MD
01594526 99999 0.01 919.75 2.89 (0] Western Branch at Upper Marlboro, MD
01646500 BRKM2 1.87 13697.20 323.19 (6] Potomac River near Washington, DC
01649500 I 99999 0.04 339.60 2.48 (0] NE Branch Anacostia River at Riverdale, MD
01658000 99999 0.00 263.19 1.62 O Mattawoman Creek near Pomonkey, MD
01663000 FDBV2 0.14 3962.00 47.37 (e} Rappahannock River near Fredericksburg, VA
01673000 99999 0.57 846.17 29.83 0] Pamunkey River near Hanover, VA
01673638 1 99999 0.00 40.47 0.20 (0] Cohoke Mill Creek near Lester Manor. VA
01674500 99999 0.01 478.27 16.10 (6] Mattaponi River near Beulahville, VA
02035000 | CARV2 8.94 10244.60 198.86 0 James River at Cartersville, VA
02037500 RMDV2 0.28 8857.90 193.43 O James River near Richmond, VA
02041650 MTCV2 0.48 1154.64 37.30 (0] Appomattox River at Matoaca, VA
02049500 FKNV2 0.00 650.90 18.03 (0] Blackwater River near Franklin, VA
02051500 I 99999 0.06 1075.40 14.07 (6] Meherrin River near Lawrenceville, VA
Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge
1 Denotes the water temperature climatological data at this USGS gauge are not used in the operational nowcast/forecast cycles
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Fection 1: Informwastion sbout U3G3 rivers where real-time discharges are available

51 z6 1.0 !! NIJ NRIVEES

RiverID U3G3_ID

1 01487000
z 01481000
3 014581500
4 (01435000
5 01578310
3 01580520
7 01581757
g 01588352
] 01646500
10 01658000
11 01554440
1z 01584526
13 01668000
14 01673000
15 01674500
16 0z037500
17 0z041850
18 0z0458500
18 0z051500
z0 0z035000
z1 01673638
2z 016493500
23 01645150
4 01570500
z5 01481500
13 014801z0

NUS_ID
¥IZXE
¥ETXE
¥ETXE
REIZE
cyne
¥ETXE
¥ETXE
¥ETXE
ERENZ
¥ETXE
¥ETXE
¥ETXE
FDEV2
¥ETXE
¥ETXE
RUDV2
nTCY2
FENV2
¥ETXE
¥ETXE
¥ETXE
ZEIZE
¥ETXE
¥ETXE
¥ETXE
¥ETXE

Q win
0.18
0.01
0.04
0.06
4.08
1.25
0.zo
0.18
1.87
0.00
0.91
0.01
0.14
0.57
0.01
0.28
0.45
0.00
0.06
G.94
0.00
0.04

-889.0

45,28

0.91
-889.0

Q max
55,47
197,25
95.94
299,93
31979.00
328.28
254,13
676.37
13697.20
263,19
§580. 13
919,75
3962.00
546,17
478,27
557,90
1154, 64
650,90
1075, 40
10244, 60
40. 47
339,80
-999.0
28866.00
g1z.21
-999.0

Q mean
Z.64
3.85
2.74
1.95

1161.15
7.05
2.59
2.55

323.19
1.62

10.51
2.89
47.37
29.83
16.10
193.43
37.30
15.03
14.07

195.86
0.z0
.45

-999.0

977,48

14.21

-999.0

T min

0.50
-999.0

0.0a
-9953.0
-999.0
-999.0
-999.0
-999.0
-0.30
-0.10
-999.0
-999.0
-0.10
-0.10

0.0a
-999.0
-999.0
-999.0
-0.z0
-0.50

0.10
-0.20
-0.z0

0.0a

0.0a
-0.30

T_max
z27.90
-999.0
z9.z0
-9953.0
-999.0
-999.0
-999.0
-999.0
34.00
z9.10
-999.0
-999.0
34.40
3z2.z0
30.00
-999.0
-999.0
-999.0
z29.90
36.00
34.00
32.20
25.50
3z.00
z9.z0
35.20

T_mean

15.06
-59589.0
13.65
-999.0
-59589.0
-59589.0
-59589.0
-59589.0
15.55
13.55
-59589.0
-59589.0
15.71
15.45
15.00
-59589.0
-59589.0
-59589.0
15.z0
15.77
15.77
14,20
10.91
12.93
13.65
17.27

1

=R = = = R = R R R e e T T = T N S =y S

: mumber of wodel locations (NIJ) and number of USGS river stations (NRIVERS

Q Flag T8 _Flag

H R R R R R R R OD0O000R 00 0000000 ]

River Ftation Name
MNanticoke River near Bridgeville, DE
Choptank River near Greenshboro, MD
Choptank River near Ruthshurg, HMD
Big Elk Creek at Elk Mills, HI
Zusguehanna River at Conowingo, MD
Deer Creek near Darlington, HD
Otter Point Creek near Edgewood, HD
Guynns Falls at Washington Blwd., MD
Potowsc River near Washington, DC
Mattawoman Creek near Pomonkey, MD
Patuxent River near Bowie, NI
Western Branch at Upper Marlboro, MD
Rappahannock River near Frederickshurg, Vi
Pamunkey River near Hanover, Vi
Mattaponi River near Beulahwille, Vi
James River near Richmond, Vi
Appowsttox River at Matoaca, Vi
Blackwater River near Franklin, VA
Meherrin River near Lawrenceville, Vi
James River at Cartersville, Vi
Cohoke Mill Creek near Lester Manor, VA
NE Branch inacostis River at Riverdale, HD
Paint Branch near College Park, MD
Zusquehanna River at Harrishurg, PA
Brandywine Creek at Wilmington, DE
Little Blackwater River near Canbridge, HD

Figure 7. Section 1 of the CBOFS river control file which incorporates mean and extreme
minimum and maximum discharge and temperature values at 24 USGS river
gauges. Mean and extreme values listed as -999.0 indicate no discharge or
temperature measurement at the station.
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4. MEAN ANNUAL AND EXTREMA WATER TEMPERATURE CLIMATOLOGY

4.1. Description

A mean annual and extrema river water temperature climatology was developed to provide
threshold values for the quality control of near real-time river observations at USGS river gauge
stations.

For every river gauge, the climatology has three values: minimum, mean, and maximum
discharge. If real-time water temperature observations from a USGS river gauge are less than the
minimum, or greater than the maximum values of that specific gauge, then the OFS could use the
mean river water temperature climatology.

The river water temperature mean annual and extrema climatology was created using historical
data from USGS using one of two methods: observed and estimated. The observed method used
the mean water temperature climatology available from a report published annually by USGS.

The estimated method was used when USGS didn’t provide a report for that river, or the real-
time data was collected for less than ten years or discontinuously. The estimated method
involved creating the mean water temperature by averaging the daily mean water temperature
values for the entire lifespan of the given gauge. The minimum and maximum values for the
climatology were obtained by selecting the highest and lowest values from the daily minimum
and maximum water temperature values covering the entire lifespan of each gauge.

However, this annual water temperature climatology is not used by the three new OFSs
when they became operational in September and October 2010. Instead, the OFS will rely
on the HPC-COMF to perform QC by checking unusual temporal changes in water temperature
observations and disregarding any observations which are 3 sigma from the mean for a selected
time period. The river water temperature climatology may be used in future versions of these
OFSs.

4.2. TBOFS

Mean annual and extrema river water temperature climatology for TBOFS was created for four
river gauge locations necessary for TBOFS. The river gauges selected for TBOFS were provided
by Wei (2009) of CSDL. Information about the four stations is provided in Table 10.

19



Table 10. Information on USGS river temperature gauges within or near the TBOFS grid

domain.
: i Elevation

U.SGS NWS SHEF Gauge Station Name State/ Latltude2 Longitude (above MSL) ? |Start Year|End Year |No- of
Station ID ! Prv. |(degrees) | (degrees) ["feet | Meter Years
02300021 * 99999 Manatee River at Fort Hamer FL [27.5181 | 82.4283 | 0.00 0.00 1997 2009 9 ¢
02301719 *| 99999 Alafia River near Gibsonton FL | 27.8567 | 82.3578 | 0.00 0.00 1999 2009 10
02304510 * [ 99999 [Hillsborough River at Rowlett Park Dr.| FL |28.0208 | 82.4347 | 0.00 0.00 1996 2009 13
02306000 *| 99999 Sulpher Springs at Sulpher Springs FL [28.0208 | 82.4519 | 0.00 0.00 1999 2009 10

Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge

2 Referenced to horizontal control datum NAD27
? Referenced to vertical geodetic datum NGVD29

* Denotes stations used in the four times/day operational nowcast/forecast cycles

? Denotes data is discontinuous

The mean annual/extrema river water temperature (°C) climatological data for 17 USGS gauges
are contained in the file called TBOFS USGS TEMP.dat (Table 11). Mean annual temperature
and extreme values are referred from their nearest neighbor gauges at 13 other gauges since these
gauges do not measure water temperature and the variations of temperature climatology among
these gauges are relatively small. These temperature climatologies may be included in the
TBOFS river control file in the future (Fig. B.1).

Table 11. The mean annual and extrema river water temperature climatologies
created/referred at 17 USGS gauges for potential use by TBOFS.

USGS Station | NWS SHEF Temperature (°C) Est./Obs. Stati
tation Name
1D ID ! Minimum | Maximum | Mean 2 |(Station Referred)
02299950 MKHF1 11.00 35.00 24.98 02300021 Manatee River near Myakka Head, FL
02300021 * 99999 11.00 35.00 24.98 E Manatee River at Fort Hamer, FL.
02300033 *| 99999 11.00 35.00 24.98 02300021 Braden River at Lakewood Ranch, FL
02300210 99999 11.00 35.00 24.98 02300021 South Fork Little Manatee River, FL
02300500 *] 99999 11.00 35.00 24.98 02300021 Little Manatee River near Wimanma, FL
02300700 99999 8.50 34.10 -999 02301719 Bullfrog Creek near Wimauma, FL
02301719 *] 99999 8.50 34.10 -999 (0] Alafia River near Gibsonton, FL
02301750 * 99999 8.50 34.10 -999 02301719 Delaney Creek near Tampa, FL
02301802 99999 9.60 33.50 -999 02304510 Tampa Bypass Cana at S-160, FL
02303330 MORF1 9.60 33.50 -999 02304510 Hillsborough River at Morris Bridge, FL
02304500 99999 9.60 33.50 -999 02304510 Hillsborough River near Tampa, FL
02304510 * 99999 9.60 33.50 -999 (6] Hillsborough River at Rowlett Park Dr., FL
02306000 * [ 99999 23.90 25.80 -999 0 Sulpher Springs at Sulpher Springs, FL
02306647 *| 99999 9.60 33.50 -999 02304510 Sweetwater Creek near Tampa, FL
02306774 99999 9.60 33.50 -999 02304510 Rocky Creek near Citrus Park, FL
02307359 99999 9.60 33.50 -999 02304510 Brooker Creek near Tarpon Springs, FL
02307498 99999 9.60 33.50 -999 02304510 Lake Tarpon Canal near Oldsmar, FL
Notes:

' NWS SHEF ID 99999 denotes no current NWS SHEF ID for USGS gauge

? Mean value -999 denotes data is not available

* Denotes stations used in the operational nowcast/forecast cycles
E=estimated

O=observed
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4.3. DBOFS

Mean annual and extrema river water temperature climatology for DBOFS was created for two
USGS river gauge locations required by DBOFS. The river gauges selected for DBOFS were
provided by Schmalz (2009) of CSDL. Information about the two stations is provided in Table
12.

Table 12. Information on USGS river temperature gauges within or near the DBOFS grid

domain.
. . Elevation
USGS | NWS SII'IEF Gauge Station Name State/| Latitude 2 Longltud% (above MSL) * |Start Year|End Year|No- of
Station ID 1D Prv. |(degrees)’| (degrees) Fee Meters Years

01411500 99999 Maurice River at Norma NJ | 39.4956 | 75.0769 | 49.94 15.22 1966 1994 28
01463500 | TREN4 | Delaware River at Trenton| NJ | 40.2217 | 74.7781 0.00 0.00 1944 2009 65

Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge.
?Referenced to horizontal control datum NAD27

3 Referenced to vertical geodetic datum NGVD29

The mean annual/extrema river water temperature (°C) climatological data for 11 USGS gauges
are contained in the file called DBOFS USGS TEMP.dat (Table 13). Mean annual temperature
and extreme values are referred from their nearest neighbor gauges at 9 other gauges since these
gauges do not measure water temperature and the variations of temperature climatology among
these gauges are relatively small. These temperature climatologies may be included in the
DBOFS river control file in the future (Fig. B.2).

Table 13. The mean annual and extrema river water temperature climatologies
created/referred at 11 USGS gauges for potential use by DBOFS.

USGS Station | NWS SHEF Temperature C©) Est./Obs. Stati
. ation Name
ID D ! Minimum | Maximum | Mean | (Station Referred)
01412800 99999 0.00 27.50 13.62 01411500 Cohansey River at Seeley, NJ
01477120 99999 0.00 27.50 13.62 01411500 Raccoon Creek near Swedesboro, NJ
01482500 99999 0.00 27.50 13.62 01411500 Salem River at Woodstown, NJ
01478650 NEKD1 0.00 27.50 13.62 01411500 White Clay Creek at Newark, DE
01484525 99999 0.00 27.50 13.62 01411500 Millsboro Pond Outlet at Millsboro, DE
01474500 99999 0.00 27.50 13.62 01411500 Schuylkill Rive at Philadelphia, PA
01477000 CHSP -0.60 34.00 13.42 01463500 Chester Creek Near Chester, PA
01411500 99999 0.00 27.50 13.62 E Maurice River at Norma, NJ
01463500 TREN4 -0.60 34.00 13.42 (6] Delaware River at Trenton, NJ
01465500 LNGP1 -0.60 34.00 13.42 01463500 Neshaminy Creek near Langhorne, PA
01467087 99999 -0.60 34.00 13.42 01463500 Frankford Creek at Castor Ave., PA

Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge.
E=estimated

O=observed

21



4.4. CBOFS

Mean annual and extrema river temperature climatology for CBOFS was created for 14 river
gauge locations required by CBOFS (Table 14). The river gauges used for CBOFS were
provided by Lanerolle (2009) of CSDL. Information about the 14 stations is provided in Table
14. The river temperature climatological data for reach of the 14 gauge locations (Table 15) are
contained in the file called CBOFS USGS TEMP.dat.

Table 14. Information on 14 USGS river water temperature gauges within or near the

CBOFS grid domain.
US'GS WS SHIEF Gauge Station Name lS)tate/ Latitudez Longltudez (af:)loe\:,ealt\l/;)SnL) 3 |Start Year|End Year No. of
Station ID D rv. |(degrees) |(degrees) Years
Feet Meters
01487000 99999 Nanticoke River near Bridgeville DE | 38.7283 | 75.5619 13.64 4.16 2006 2009 3
01481500 [ WMNDI1 Brandywine Creek at Wilmington DE |[39.7694 | 75.5733 | 68.23 | 20.80 2006 2009 3
01646500 [ BRKM?2 Potomac River near Washington DC [38.9497 | 77.1278 | 37.95 | 11.57 1988 2009 21
01658000 | 99999 Mattawoman Creek near Pomonkey | MD [ 38.5961 |[77.0561 | 40.00 | 12.19 2003 2009 6
01490120 99999  |Little Blackwater River near Cambridge | MD | 38.5017 | 76.0942 [ -1.25 | -0.38 2006 2009 3
01649500 99999  |NE Branch Anacostia River at Riverdale | MD [ 38.9603 | 76.9261 | 12.68 3.86 2003 2009 4 °
01649190 99999 Paint Branch near College Park MD | 39.0331 |76.9642 |150.00 | 45.72 2007 2009 2
01570500 [ HARPI1 Susquehanna River at Harrisburg PA [40.2547 [76.8864 1290.01 | 88.40 1945 2009 35 @
01668000 | FDBV?2 [Rappahannock River near Fredericksburg| vA [ 38.3083 |77.5294 | 70.00 | 21.34 1955 2009 11 2
01673000 f| 99999 Pamunkey River near Hanover VA |37.7675 | 77.3325 | 14.72 | 4.49 1945 2009 11 2
01673638 99999 Cohoke Mill Creek near Lester Manor | VA | 37.6267 [76.9628 | 40.00 | 12.19 2007 2009 2
01674500 | 99999 Mattaponi River near Beulahville VA | 37.8839 | 77.1653 12.43 3.79 1991 2009 6 ?
02035000 | CARV2 James River at Cartersville VA [37.6708 | 78.0861 |163.90 | 49.96 1968 2009 18 a
02051500 | LAWV2 Meherrin River near Lawrenceville VA |36.7176 | 77.8319 [136.56 | 41.62 2006 2009 3
Notes:

' NWS SHEF ID of 99999 denotes no current NWS SHEF ID for that USGS gauge
?Referenced to horizontal control datum NAD27
3 Referenced to vertical geodetic datum NGVD29
* Denotes historical data were discontinuous

1 Denotes the water temperature climatological data at this USGS gauge are used in the operational nowcast/forecast cycles

E=estimated
O=observed

The mean annual/extrema river water temperature ( C) climatological data for 14 USGS gauges
are contained in the file called CBOFS USGS TEMP.dat (Table 15). The temperature
climatologies may be included in the CBOFS river control file in the future (Fig. B.3).
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Table 15. The mean annual and extrema river water temperature climatologies created at
14 USGS gauges for potential use by CBOFS.

USGS Station | NWS SHEF Temperature (°C) )
ID m ! Minimum Maximum Mean Est./Obs. Station Name

01487000 99999 0.80 27.90 15.06 E Nanticoke River near Bridgeville, DE
01481500 WMNDI1 0.00 29.20 13.65 E Brandywine Creek at Wilmington, DE
01646500 BRKM?2 -0.30 34.00 15.55 [0) Potomac River near Washington, DC
01658000 99999 -0.10 29.10 13.55 E Mattawoman Creek near Pomonkey, MD
01490120 99999 -0.30 35.20 17.27 E Little Blackwater River near Cambridge, MD
01649500 99999 -0.20 32.20 14.20 E NE Branch Anacostia River at Riverdale, MD
01649190 99999 -0.20 25.50 10.91 E Paint Branch near College Park, MD
01570500 HARPI1 0.00 32.00 12.93 (6] Susquehanna River at Harrisburg, PA
01668000 FDBV2 -0.10 34.40 15.71 E Rappahannock River near Fredericksburg, VA
01673000 § 99999 -0.10 32.20 15.45 E Pamunkey River near Hanover, VA
01673638 99999 0.10 34.00 15.77 E Cohoke Mill Creek near Lester Manor, VA
01674500 i 99999 0.00 30.00 15.00 E Mattaponi River near Beulahville, VA
02035000 CARV2 -0.50 36.00 15.77 E James River at Cartersville, VA
02051500 LAWV2 -0.20 29.90 15.20 E Meherrin River near Lawrenceville, VA

Notes:
' NWS SHEF ID of 99999 denotes no current NWS SHEF station ID for that USGS gauge
1 Denotes the water temperature climatological data at this USGS gauge are not used in the operational nowcast/forecast cycles
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5. SUMMARY

Five different river climatologies were created to support the operations of three new NOS
operational oceanographic forecast modeling systems. These five climatologies included: 1)
daily mean river discharge climatology, 2) daily mean water temperature climatology, 3) daily
mean salinity (for CBOFS only), 4) mean annual and extrema river discharge climatology, and 5)
mean annual and extrema river water temperature climatology.

However, when the three ROMS-based OFSs became operational in Autumn 2010, only the
1) daily mean river discharge and water climatology and 2) mean annual and extrema river
discharge climatology are used by the OFSs.

The daily mean river discharge and water climatologies will be used a backup by HPC-COMF
software if no real-time observations are available at any USGS station. These climatologies are
contained in a single netCDF file named nos.ofs.river.clim.usgs.nc. (The file also contains daily
mean salinity climatology at CBOFS’ USGS gauges but this information is not used by CBOFS.)

The mean annual and extrema river discharge will be used by HPC-COMF data preparation
software to QC the real-time river observations. This climatology is contained in Section 1 of the
individual river control text files for each OFS, nos.cbofs.river.ctl, nos.dbofs.river.ctl, and
nos.tbofs.river.ctl
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Appendix A. Present Versions of River Control Files

Section 1: Information sbout USGS rivers where real-time discharges and temperature are available
15 & 1.0 !! NIJ NRIVERS DELT

RiverID U3G3_ID NW3_ID Q min O max Q@ mwean T min T max T mesn Q@ Flag T Flag River Jtation Nawe
1 02306000 HEEEX 0.00 4.10 1.01 23.90 25.80 -999.0 1 1 Sulphur Springs at Sulpher Springs, FL
H 02301750 HEIEX 0.00 20.40 0.z26 8.50 34.10 -993.0 1 1 Delaney Creek near Tawmpa, FL
3 02301719 HEIEY 0.09 128.61 11.74 8.50 34.10 -995.0 1 1 Llafia River near Gibsonton, FL
4 02300500 KEEEX 0.03 396.20 4.81 11.00 35.00 £4.98 1 1 Little Manatee River at Wimauwa, FL
5 02300021 HEXEX 0.55 69,62 1.43 11.00 35.00 £4.95 1 1 Hanatee River at Fort Hamer, FL
[ 02300033 HEEEX 0.01 44,43 0.58 11.00 35.00 24.98 1 1 Braden River at Lakewood Ranch, FL
7 02306647 HEEEX 0.00 26.32 0.58 .60 33.50 -999.0 1 1 Sweetwater Creek near Tampa, FL
8 02304510 HEIEX 0.00 67.07 6.80 9.60 33.50 -993.0 1 1 Hillshorough Riwver at Rowlett Park Dr., FL
()
Section 2: Information of ROM3 grids/locations to specify river inputs
GRID_ID I/Xpos J/Y¥pos DIR FLAG RiverID O Q Seale RiverID T T_Seale River Basin Name
1 109 ze9 1 3 1 -1.50 g 1.00 Hillshorough and Sulphur springs, FL
2 110 289 1 3 1 -1.50 g 1.00 Hillskorough and Sulphur springs, FL
3 163 269 a 3 2 -1.00 a8 1.00 Tampa Bypass Canal
4 163 Z70 o 3 2 -1.00 g 1.00 Tampa Bypass Canal
5 178 217 a 3 3 -1.00 3 1.00 Alafia and Bullfrog
[} 178 218 a 3 3 -1.00 3 1.00 Alafia and Bullfrog
7 157 157 o 3 4 -0.50 3 1.00 Little Manatee at Wimamma
g 157 158 a 3 4 -0.50 3 1.00 Liccle Manatee at Wimanma
9 175 102 a 3 5 -0.40 5 1.00 Manates at Myakka Head
10 175 103 a 3 1 -0.40 1 1.00 Manates at Myakka Head
11 175 104 o 3 5 -0.40 5 1.00 Nanatee at Myakka Head
1z 164 9z 1 3 3 0.50 5 1.00 Eraden at Lakewood
13 165 92 1 3 3 0.50 5 1.00 Eraden at Lakewood
14 19 290 1 3 7 -2.50 a8 1.00 Rocky Cr.,Lake Tarpon, Sweetwater
15 z0 zan 1 3 7 -z.50 g 1.00 Rocky Cr.,Lake Tarpon, Sweetwater
(b)
PARAMETER DEFINITION:
NIT ¢ Nunber of model grids to specify river discharges
NRIVER3I : Nuwmber of U3G3 river observing stations
DELT 1 Time interval in hours for output time series
RiverID : Serial Identification number of U3GS River
USGE_ID : USGS river Identification number
NW3_ID : NW3 Identification number for U3G3 river
GRID_ID : Herial Identification number for Model grid location to specify river input
I/¥pas : HI-position of model grid at RHO-points
J/¥{pos : ETA-position of model grid at RHO-points
DIR i River runoff direction. O:alony x/xi-axis; l:alony y/eta-axis
FLAG i River runoff trace flag. 0: all tracers (T & 3) are off; 1: only T is on; 2: only 3 is on; 3: both T and 3 are on

RiverID Q: RiverID in Hection 1 which is used to specify river discharge at the corresponding model grid
RiverID T: RiverID in Section 1 which is used to specify river temperature at the corresponding model grid

0 3eale @ Secaling factor of river discharge at the model grid

T_scale : Scaling factor of river tempature &t corresponding model grid

0 min : Minimum discharge value of the river

Q mean 1 bverage discharge value of the river

0 max @ Maximum discharge wvalue of the river

T_min : Minimum temperature value of the river

T mean 1 lverage temperature value of the river

T_max 1 Maximum temperature wvalue of the riwver

Q Flag @ O:use climatological river discharges data(daily mean): 1l:use real-time river discharge observations
T Flag 1 O:use climatological temperature dataldaily mean): l:use real-time river temperature observations

River Basin Name: Name of Rivers or river hasins
River Jtation Name: MName of Rivers or stations

(©)

Figure A.1 River control file for TBOFS, Section 1 (a), Section 2 (b) and Parameter
Definitions (c).
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Section
14 11
RiverID

Hection Z:

GRID_ID

1: Information sbout U3SGS rivers where real-time discharges are available

1.0 !'! NIJ MRIVERZ DELT: nuwber of model locations (NIJ) and number of USGS river stations [NRIVERS
UsG5_ID  NWS_ID 0 min 0_max Qmean T mwin Tmwax Twean Q Flag T Flag River Station Name
01411500 HEEEY 0.25 203.29 4.61 0.00  27.50  13.82 1 1 Maurice River at Norma, NT
01412800 HEEEY 0.13 283.00 1.01 0.00  27.50  13.82 1 1 Cohansey River at Seeley, NJ
01463500 TREN4 33.3% 9310.70 336.77 -0.60 34.00 13.42 1 1 Delaware River at Trenton, NJ
01465500 LNGF1 0.0s 1395.19 g.66 -0.80 34.00 13.42 1 1 Meshaminy Creek near Langhorne, FA
01467087 HEEEY 0.0l 393.37 1.17 -0.60 34.00 13.42 1 1 Frankford Creek at Castor Ave., PA
01474500 HEEEY 0.00  2914.90 79.24 0.00  27.50  13.82 1 1 Schuylkill River at Philadelphia, PA
01477120 HEEIX 0.08 99.90 1.12 0.00 27.50 13.62 1 1 Raccoon Creek near Swedeshoro, NJ
01473650 NEED1 0.a7 475,44 Z.69 0.00  27.50  13.82 1 1 White Clay Creek at Newark, DE
01482500 HEEEY 0.o0 622,60 0.55 0.00  27.50  13.82 1 1 Salem River at Woodstown, NJ
01484525 HEEEY 0.o0 50.09 Z.62 0.00  27.50  13.82 1 1 Millshoro Pond Outlet at Millshoro, DE
01477000 CHEP1 0.0l 393.37 1.17 -0.60 34.00 13.42 1 1 Chester Creek near Chester, PAL
(@)
ROMS river discharge inputs
I/¥po=s J/¥pos DIR FLAG RiverID_Q Q Zeale RiverID T T 3cale River Basin Name

94 9z ul 3 1 -1.00 1 1.00 MAURICE RIVER

a8 128 ul 3 2 -1.00 1 1.00 COHANSEY RIVER

o 730 1 3 3 -0.33 3 1.00 DELAWALRE RIVER

78 730 1 3 3 -0.34 3 1.00 DELAWARE RIVER

=l 730 1 3 3 -0.33 3 1.00 DELAWALRE RIVER

T3 808 ul 3 4 1.00 5 1.00 MNESHAMINY CREEK

Th 54z [u} 3 5 1.00 5 1.00 FRANEFORD CREEK

T3 426 ul 3 [ 1.00 & 1.00 SCHUYLKILL RIVEER

=11 341 o 3 T -1.00 ] 1.00 RACCOON CREEE

T3 283 ul 3 g 1.20 G 1.00 ERANDYWINE CREEE

a7 208 o 3 =) -1.00 & 1.00 SALEN RIVER

65 52 ul 3 i0 1.00 G 1.00 HILLSECORD POND

73 348 ul 3 11 1.00 & 1.00 CHESTER CREEE

a7 98 ul 3 i0 0.25 [ 1.00 ROACH MARIH

PARLMETER DEFINITICHN:

(b)

only 3 is on; 3: hoth T and 3 are on

1:use real-time river discharge observations

l:iuse real-time river temperature ohservations

MNIJ Murkber of model grids to specify river discharges

HNRIVERS Number of U3G3 river ohserving stations

DELT Time interval in hours for output time series

RiverID Serial Identification number of USGS River

USGS_ID USGS river Identification number

w3 _ID N3 Identification nuwnber for U3IGS river

GRID_ID Gerial Identification nuwber for Model grid location to specify river input
I/¥pos XI-position of wodel grid at RHO-points

J/ ¥pos ETi-position of model grid at RHO-points

DIR River runoff direction. O:along x/xi-axis; l:along y/eta-axis

FLAG River runoff trace flag. 0: all tracers (T & 3] are off; 1: only T is on; 2:
RiverID Q: RiverIDl in Hection 1 which is used to specify river discharge at the corresponding model grid
RiverID T: RiverID in Jection 1 which is used to specify river tewperature at the corresponding model grid
Q dcale Scaling factor of river discharge at the model grid

T dcale Scaling factor of river temwpature at corresponding model grid

Q min Minimum discharge value of the river

Q2 mean Lverage discharge value of the river

Q max Maximum discharge value of the river

T min Ninimum temperature wvalue of the river

T mean Lverage temperature value of the riwver

T_max Maximwm temperature value of the riwver

Q Flag O:use climatological river discharges dataidaily mwean)

T Flag Oiuze climatological temperature data(daily mean)

River Easin Name:
River Station Neame:

Hawe of Rivers or river hasins
Nawe of Rivers or stations

(©)

Figure A.2 River control file for DBOFS, Section 1 (a), Section 2 (b) and Parameter

Definitions (c)
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Section 1: Information about U3G3 rivers where real-time discharges are available
51 26 1.0 !'! NIJ NRIVERS : nuwber of model locations (NIJ) and number of U3G3 river stations (NRIVERS)

RiverID USGE_ID Nws_ID QO win Q_max Q_mean T_win T_wax T_mean Q Flag T5_Flag River_ Station_ Neme
1 01457000 HEXEX 0.16 B5.47 Z.64 0.80 27.90 15.06 1 1 Nanticoke River near Eridgeville, DE
2 01491000 HEXEX 0.01 197.25 3.85 -999.0 -999.0 -999.0 1 a Choptank River near Greenshoro, MD
3 01451500 HEXEX 0.04 95.94 2.74 0.00 z9.20 13.65 1 1) Choptank River near Ruthshurg, MD
4 01495000 HEXEX 0.06 299.98 1.98 -9389.0 -939.0 -939.0 1 a Big Elk Creek at Elk Mills, HD
5 01578310 CHNWMZ 4.08 31979.00 1181.15 -999.0 -999.0 -999.0 1 a Zusquehanna River at Conowingo, MD
[ 01580520 HEXEX 1.258 328.208 7.05 -993.0 -935.0 -935.0 1 1) Deer Creek near Darlington, MD
7 01551757 HEXEX 0.z0 254.13 z.59 -9389.0 -9389.0 -9389.0 1 o Otter Point Creek near Edgewood, HD
g 01589352 XIXZIX 0.18 676.37 2.55 -939.0 -989.0 -989.0 1 o Guynns Falls at Washington Blvd., MD
9 01646500 EEEN2 1.87 13697.20 323.19 -0.30 34.00 15.55 1 1 Potomac River near Washington, DC
1o 01658000 XEXEX 0.oo Z63.18 1.62 -0.10 28.10 13.55 1 1 Mattawoman Creek near Pomonkey, MD
11 01594440 XIXZIX 0.91 880,13 10.81 -939.0 -989.0 -989.0 1 o Patuxent River near Bowie, MD
1z 015945246 HEXEX 0.01 819,75 z.09 -993.0 -935.0 -935.0 1 1) Western Branch at Upper Marlhoro, HMD
13 01668000 FDEVZ 0.14 3862.00 47.37 -0.10 34.40 15.71 1 1 Rappahannock River near Frederickshurg, VA
14 01673000 KEXEX 0.57 g946.17 29.83 -0.10 3z2.20 15.45 1 a Parunkey Riwver near Hanover, VA
15 01674500 HEXEX 0.01 4758.27 16.10 0.o0 30.00 15.00 1 a Mattaponi River near Beulahville, WA
16 0z037500 RMDVZ 0.z& §857.90 193.43 -9389.0 -9389.0 -9389.0 1 o James River near Richmond, VA
17 02041650 HTCVE 0.48 1154, 64 37.30 -999.0 -999.0 -999.0 1 1) hppomattox River at Natoaca, VA
15 0z043500 FENVZ 0.o0 650.90 18.03 -9389.0 -939.0 -939.0 1 a Blackwater River near Franklin, WA
139 0z051500 XEXEX 0.06 1075.40 14.07 -0.z0 28.%90 15.z20 a 1 Meherrin River near Lawrenceville, Vi
20 02035000 HEXEX 8.94 10244. 60 198.86 -0.50 36.00 15.77 a 1 Jawes River at Cartersville, VA
z1 01673635 HEXEX 0.o0 40.47 0.z0o 0.10 34.00 15.77 u} 1 Cohoke Mill Creek near Lester Manor, Vi
22 01645500 XIXIX 0.04 338,80 Z.48 -0.z0 3z.z0 14.20 u} 1 NE Branch Anacostia River at Riverdale, HD
23 016491390 HEXEX  -999.0 -999.0 -999.0 -0.20 25.50 10.91 a 1 Paint EBranch near College Park, MD
4 01570500 KEXEX 45.28 Z8866.00 977.45 0.oo 3z.00 12.93 a 1 3usquehanna River at Harrisburg, P&
) 01481500 XIXZIX 0.91 8l2.21 14.21 0.o0 29.20 13.65 u} 1 Brandywine Creek at Uilmington, DE
26 01490120 HEXEX  -999.0 -999.0 -999.0 -0.30 35.20 17.27 a 1 Little Blackwater River near Canbridge, MD

Section 2: information of ROMS grids to specify river discharges

GRID_ID I/¥pos  J/¥pos DIR  FLAG RiverID_Q @ Scale RiwverID T3 T&_Scale River_ EBasin Name
1 247 145 a 3 1 -0.445 1 1.000 MNanticoke River near Bridgeville, MD
Z 247 146 a 3 1 -0.552 1 1.000 MNanticoke River near EBridgeville, MD
3 296 173 u] 3 2 -0.317 26 1.000 Choptank Riwver near Greenshoro, HD
4 296 174 a 3 2 -0.339 26 1.000 Choptank Riwver near Greensboro, ND
5 296 175 a 3 Z -0.545 Zh 1.000 Choptank Riwver near Greensboro, HND
& 296 176 a 3 Z -0.343 B 1.000 Choptank Riwver near Greenshoro, HND
7 296 177 a 3 2 —0.390 26 1.000 Choptank Riwver near Greensboro, ND
g 177 290 1 3 4 -0.103 25 1.000 Big Elk Creek at Elk Mills, MD
a 178 Z80 1 3 4 -0.10z Z5 1.000 Eig Elk Creek at Elk Mills, HMD
in 17g 250 1 3 4 -0.102 25 1l.000 BEig Elk Creek at Elk Mills, HMD
11 1G0 290 1 3 4 -0.101 25 1.000 Big Elk Creek at Elk Mills, MD
1z 151 Z80 1 <] 4 -0.100 Z5 1.000 Eig Elk Creek at Elk Mills, MI
13 1s2 250 1 3 4 -0.100 25 1l.000 BEig Elk Creek at Elk Mills, HMD
14 183 290 1 3 4 —0.100 25 1.000 Eig Elk Creek at Elk Mills, MD
15 154 Z80 1 <] 4 -0.100 Z5 1.000 Eig Elk Creek at Elk Mills, MI
16 1585 Z80 1 3 4 -0.098 Z5 1.000 Eig Elk Creek at Elk Mills, HMD
17 186 290 1 3 4 -0.096 25 1l.000 Big Elk Creek at Elk Mills, HMD
15 145 255 a 3 5 0.195 24 1.000 Susgquehanns River at Conowingo, HMD
19 145 256 a 3 5 0.158 4 1.000 Zusgquehanns River at Conowingo, D
20 145 257 u] 3 5 0.138 24 1.000 Susgquehanns River at Conowingo, HD
21 145 258 a 3 5 0,137 24 1.000 Zusgquehanns River at Conowingo, MD
Zz 145 259 a 3 5 0.165 4 1.000 Susgquehanns Riwver at Conowingo, MD
23 145 280 a 3 5 o.217 4 1.000 Susgquehanns River at Conowingo, IMD
24 156 239 1 3 7 0,333 23 1.000 otter Point Creek near Edgewood, MD
25 157 239 1 3 7 -0.333 23 1.000 Otter Point Creek near Edgewood, MD
Z6 155 239 1 3 7 -0.333 Z3 1.000 orter Point Creek near Edgewood, MD
27 146 216 u] 3 =] 0.4z29 23 1.000 Gwynns Falls at Washington Blwd., MD
28 14a 217 a 3 =] 0.571 23 1.000 Guwynns Falls at Washington Blwd., MD
z9 1 130 a 3 9 0.187 9 1.000 Potomac River near Washington DC
30 1 131 u] 3 =] 0.149 =] 1.000 Potomac River near Washington DO
31 1 13z a 3 =] 0,131 9 1.000 Potomac River near Washington DO
3z 1 133 a 3 9 0.533 9 1.000 Potomac River near Washington DC
33 34 135 1 3 10 —1.000 10 1.000 Mattawoman Creek near Pomonkey, D
34 58 156 o 3 11 0.372 22 1.000 Patuxent Riwver near Bowie, MD
35 58 157 a 3 11 0.446 22 1.000 Patuxent River near Bowie, MDI
36 55 155 a 3 11 0.439 ZZ 1.000 Patuxent River near Bowie, MD
37 &0 10z u] 3 13 0.374 13 1.000 Rappahannock River near Fredericksburg, VA
38 &0 103 a 3 13 0,826 13 1.000 Rappahannock River near Fredericksburg, VA
39 a0 [=1=1 a 3 14 0.139 z1 1.000 Pamunkey River near Hanover, Vi
40 S0 69 a 3 14 o.z2682 z1 1.000 Pamunkey River near Hanover, VA
41 a0 70 a 3 14 0.459 21 1.000 Pamunkey Riwver near Hanover, Vi
4z a0 71 a 3 14 0.402 21 1.000 Pamunkey River near Hanover, Vi
43 S0 7z a 3 14 0.266 z1 1.000 Pamunkey River near Hanover, VA
44 20 49 u] 3 16 o.2z22 20 1.000 Jamez River near Richmond, VA
45 20 50 a 3 16 0.294 20 1.000 Jawes River near Richmond, VA
46 z0 51 a 3 16 0.259 zo 1.000 James River near Richmond, Vi
47 20 5z u] 3 16 0.201 20 1.000 Jamez River near Richmond, VA
48 zZn 53 a 3 16 0.1z4 zZn 1.000 Jawes River near Richmond, VA
49 z0 54 a 3 16 0.094 zo 1.000 James River near Richmond, Vi
50 14z 45 1 3 15 0.474 19 1.000 Elackwater River near Franklin, VA
51 143 45 1 3 15 0.5z26 19 1.000 Elackwater River near Franklin, V&

(b)
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PARANETEER. DEFINITICH:

HNIJ i MNumber of wodel grids to specify river discharges

NEIVERS : HNumwber of U3SGS riwver observing stations

DELT i+ Time interwvwal in hours for output time series

EiverIl : @Serial Identification nuwrber of U3G3 River

TSGE_ID @ TUEGE river Identification number

HWs_ID i NUS Identification number for UIGS river

GRID_ID : 3Serial Identification number for Model grid location to specify river input
I/Epos : EI-position of model grid at BHO-points

I/ Thos : ETLh-position of model grid at RHO-points

DIR i Riwver runcoff direction. O:along x/xi-axis; lialong y/feta-axis

FL4G : River runoff trace flag. 0: all tracers (T & 3) are off; 1: only T is on; 2: only 3 is on; 3: hoth T and 3 are on

RiverID_Q: PRiverID in ZFection 1 which is used to specify river discharge at the corresponding model grid
RiverID_T: RiverIl in Zection 1 which is used to specify river temperature at the corresponding wodel grid

Q Seale @ Sealing factor of river discharge at the model grid

T #cale @0 Sealing factor of river tempature at corresponding model grid

2 min i Minimum discharge walue of the river

Q mean : bwverage discharge walue of the river

Q_roEx i Maximum discharge walus of the river

T_min ¢ Minirum temperature value of the river

T mean 1 bdwverage temperature value of the river

T_max : Maximuam temperature wvalue of the river

Q Flag : Druse eclimatologieal river discharges data(daily mean): l:use real-time river discharge chservations
T_Flag ¢ Diuse climatological temperature data(daily mean); l:use real-time river temperature chservations

River Basin MName: MNawme of Rivers or river hasins
River Station Neawe: Nawe of Rivers or stations

(©)

Figure A.3 River control file for CBOFS, Section 1 (a), Section 2 (b) and Parameter
Definitions (c).

32




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


